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I n t r o d u c t i o n  

The commercial  p r o d u c t i o n  o f  l i q u i d  and gaseous  f u e l s  d e r i v e d  from c o a l  and o i l  
s h a l e  i s  c u r r e n t l y  h i n d e r e d  by a v a r i e t y  o f  complex and i n t e r a c t i n g  f a c t o r s .  Conver- 
s i o n  p rocesses  a r e  h i g h l y  c a p i t a l - i n t e n s i v e ,  and t h e i r  p r o d u c t s  a r e  a t  b e s t  e s t i m a t e d  
t o  be on ly  m a r g i n a l l y  c o m p e t i t i v e  w i t h  l anded  wor ld  c rude  o i l  and imported LNG a t  
c u r r e n t  p r i c e s .  Added t o  t h i s  i s  a m u l t i t u d e  o f  c o n s t r a i n i n g  f a c t o r s ,  such a s  r e -  
s o u r c e  a v a i l a b i l i t y ,  p r o t e c t i o n  o f  t h e  environment ,  s o c i o p o l i t i c a l  c o n s i d e r a t i o n s ,  
marke tp l ace  l o g i s t i c s ,  f i n a n c i n g ,  t h e  p o t e n t i a l  e f f e c t s  of competing new t echno logy ,  
and t h e  p o s s i b i l i t y  o f  w ide r  a v a i l a b i l i t y  o f  i n t e r n a t i o n a l  s u p p l i e s  o f  l ower -cos t  
c r u d e  o i l  and n a t u r a l  gas.  

S t rong ly  c o u n t e r i n g  t h i s  s i t u a t i o n  i s  a growing r e a l i z a t i o n  o f  t h e  long-term 
need f o r  supp lemen ta l  s u p p l i e s  o f  gaseous  and  l i q u i d  hydroca rbons  a s  w e  e n t e r  a n  e ra  
i n  which d e p l e t i o n  o f  c o n v e n t i o n a l  r e s o u r c e s  i s  a worldwide conce rn .  Although re- 
cove ry  and c o n v e r s i o n  w i l l  be  c o s t l y ,  t h e  United S t a t e s  h a s  s u b s t a n t i a l  r e s e r v e s  of 
c o a l  and o i l  s h a l e  t h a t  c a n  p r o v i d e  supp lemen ta l  f u e l s .  T h i s  s i t u a t i o n ,  t o g e t h e r  
w i t h  a n a t i o n a l  g o a l  o f  r e d u c i n g  dependence on  o i l  and g a s  impor t s ,  w i l l  l e a d  t o  in -  
c r e a s i n g  p r e s s u r e  f o r  t h e  c o m m e r c i a l i z a t i o n  o f  s y n t h e t i c  f u e l s .  

T h i s  pape r  p r e s e n t s  summary compara t ive  economics e s t i m a t e d  f o r  s y n t h e t i c  f u e l s  
from c o a l  and o i l  s h a l e  and f o c u s e s  on some o f  t h e  impor t an t  f i n a n c i a l  c o n s i d e r a t i o n s  
a s s o c i a t e d  w i t h  t h e  c o m m e r c i a l i z a t i o n  o f  s y n t h e t i c  f u e l s .  Some o f  t h e  p e r t i n e n t  
c o n c l u s i o n s  a r e :  

Upgraded s h a l e  o i l  l i q u i d s  a r e  e s t i m a t e d  t o  be l e s s  e x p e n s i v e  t h a n  
c o a l - d e r i v e d  l i q u i d s  and c a n  be m a r g i n a l l y  c o m p e t i t i v e  w i t h  imported 
c rude  o i l .  

Based on r e c e n t  f i e l d  p i l o t  work, s p e c u l a t i v e  economics look  a t t r a c -  
t i v e  f o r  low-Btu g a s  by underground g a s i f i c a t i o n  o f  c o a l .  La rge - sca l e  
demons t r a t ion  a p p e a r s  d e s i r a b l e .  . A f i n a n c i n g  mechanism s h e l t e r e d  from e x c e s s i v e  r i s k  w i l l  p robab ly  be 
necessa ry  t o  encourage  commercial  s y n t h e t i c  f u e l s  v e n t u r e s .  

The summary economics p r e s e n t e d  a r e  d e r i v e d  from a v a r i e t y  o f  s t u d i e s  r e c e n t l y  pe r -  
formed a t  SRI i n v o l v i n g  t h e  compara t ive  e v a l u a t i o n  of  s y n t h e t i c  f u e l s  from c o a l  and 
o i l  sha l e .  

S t a t u s  o f  Technology 

Cons ide rab le  r e s e a r c h  and  development  a c t i v i t y  i n  t h e  Un i t ed  S t a t e s  h a s  r e c e n t l y  
been devoted t o  t h e  c o n v e r s i o n  o f  s o l i d  f o s s i l  f u e l s  i n t o  t h e  more d e s i r a b l e  energy 
forms--clean g a s e s  and l i q u i d s .  T h i s  i s  f a r  from a new concept .  Coal  h a s  been 
g a s i f i e d  t o  p roduce  town g a s ,  s y n t h e s i s  g a s ,  o r  r e d u c i n g  g a s  on a worldwide s c a l e  
s i n c e  e a r l y  i n  t h e  1 9 t h  cen tu ry .  Underground c o a l  g a s i f i c a t i o n  (UCG) has  been com- 
m e r c i a l l y  p r a c t i c e d  i n  t h e  USSR s i n c e  around 1940. Coal l i q u i d s  have been r ecove red  
from t h e  p y r o l y t i c  cok ing  o p e r a t i o n s  a s s o c i a t e d  w i t h  s t e e l  manufac tu r ing  s i n c e  e a r l y  
i n  t h e  i n d u s t r i a l  r e v o l u t i o n .  More r e c e n t l y ,  d u r i n g  World War 11, conver s ion  o f  
c o a l  t o  l i q u i d  f u e l s  r eached  a p r o d u c t i o n  l e v e l  o f  approx ima te ly  100,000 b a r r e l s  per  
day i n  Germany; and c o a l  l i q u e f a c t i o n  i s  c u r r e n t l y  p r a c t i c e d  commercial ly  on l a r g e  
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s c a l e  i n  South A f r i c a .  However, most o f  t h i s  r e c e n t  p r o d u c t i o n  o f  l i q u i d s  was,  and 
c o n t i n u e s  t o  be, by F i s c h e r - T r o p s c h  s y n t h e s i s  from c o a l - d e r i v e d  g a s e s  (CO + H2). I n  
E s t o n i a ,  recovery  o f  l i q u i d s  from o i l  s h a l e  began commerc ia l ly  i n  t h e  mid-1930s. 
S i n c e  t h a t  t i m e ,  deve lopmenta l  s c a l e  o i l  s h a l e  r e t o r t s  have  been o p e r a t e d  i n  s e v e r a l  
c o u n t r i e s  i n c l u d i n g  t h e  Uni ted  S t a t e s ,  B r a z i l ,  and China. 

TWO n o t a b l e  c o a l  g a s i f i c a t i o n  sys tems t h a t  a r e  a c t i v e l y  marke ted  t h r o u g h o u t  t h e  
wor ld  and commercialized i n  s e v e r a l  c o u n t r i e s  a r e  t h e  f a m i l i a r  L u r g i  f i x e d - b e d  g a s i -  
f i e r  and t h e  Koppers-Totzek e n t r a i n e d  g a s i f i e r .  O t h e r  g a s i f i c a t i o n  sys tems marketed 
commerc ia l ly  a r e :  W i n k l e r ,  McDowell-Wellman, Woodhall-Duckham, Riley-Morgan, and 
W i l p u t  te. 

Coal c o n v e r s i o n  sys tems a t  o r  n e a r i n g  l a r g e - s c a l e  development i n  the U n i t e d  
S t a t e s  o r  w i t h  d i r e c t  U.S. involvement  a r e  l i s t e d  i n  T a b l e  1. A l s o  shown a r e  o i l  
s h a l e  r e t o r t i n g  sys tems t h a t  have  been developed  on a l a r g e  s c a l e  i n  t h e  Uni ted  
S t a t e s  and have been i n d i c a t e d  f o r  u s e  i n  p o t e n t i a l  commercial  v e n t u r e s .  Of t h e  c o a l  
c o n v e r s i o n  systems l i s t e d ,  t h e  L u r g i  g a s i f i e r ,  a s  p r e v i o u s l y  ment ioned ,  h a s  a l r e a d y  
been w i d e l y  commercialized f o r  s y n t h e s i s  g a s  and town gas .  It i s  mentioned h e r e  a s  
a d e v e l o p i n g  system because  o f  i t s  p o t e n t i a l  e x t e n s i o n  t o  p r o d u c t i o n  o f  SNG o r  f u e l  
g a s ,  i n  modi f ied  form t o  p e r m i t  g a s i f i c a t i o n  o f  c a k i n g  c o a l s ,  and f o r  c l o s e  c o u p l i n g  
w i t h  e l e c t r i c  power g e n e r a t i n g  sys tems.  

I n  a d d i t i o n  t o  t h e  d e v e l o p m e n t a l  o i l  s h a l e  r e t o r t i n g  sys tems l i s t e d  i n  T a b l e  1, 
l a r g e - s c a l e  p r o j e c t s  a r e  a l s o  c u r r e n t l y  a c t i v e  i n  B r a z i l  ( P e t r o s i x  p r o c e s s )  and i n  
E s t o n i a  ( t h e  Sovie t -deve loped  G a l o t e r  p r o c e s s ) ,  P l a n s  have  been announced ( l ) ,  (2) 
i n  t h o s e  c o u n t r i e s  t o  b u i l d  c o m m e r c i a l - s c a l e  p l a n t s  u s i n g  t h e  two p r o c e s s e s .  

T h r e e  of t h e  deve lopmenta l  c o a l  c o n v e r s i o n  p r o c e s s e s  mentioned--BG-Lurgi s l a g -  
g i n g ,  CCGAS, and Coalcon--have been  chosen  by t h e  U.S. Energy Research  and Development 
A d m i n i s t r a t i o n  (ERDA) a t  t h i s  t i m e  f o r  more d e t a i l e d  s t u d y  t o  d e t e r m i n e  s u i t a b i l i t y  
f o r  ERDA/industry j o i n t l y  sponsored  l a r g e  c o m m e r c i a l - s c a l e  d e m o n s t r a t i o n .  E v a l u a t i o n  
o f  t h e  f i r s t  two sys tems f o r  SNG c o n t i n u e s  w h i l e  t h e  f u t u r e  o f  t h e  Coalcon "Clean 
B o i l e r  Fuel" d e m o n s t r a t i o n  program i s  now i n  c o n s i d e r a b l e  doubt .  
and a v a r i e t y  o f  i n d u s t r i a l  o r g a n i z a t i o n s  a r e  s u p p o r t i n g  t h e  t h r u s t  toward demonstra- 
t i o n  o f  low- o r  intermediate-BTU g a s  (LBG/IBG) sys tems w i t h  the "Combined C y c l e  T e s t  
F a c i l i t y "  and ERDA's " G a s i f i e r s  i n  I n d u s t r y  Program," which i s  aimed a t  t h e  s m a l l  
and medium s i z e d  u s e r ,  and  their  "Hydrogen from Coal Program." 

I n  a d d i t i o n ,  ERDA 

Economic A n a l y s i s  

Cost i s  n o r m a l l y  t h e  o v e r r i d i n g  c o n s i d e r a t i o n  i n  b r i n g i n g  a new technology i n t o  
t h e  marke tp lace .  I n  t h i s  r e g a r d ,  t h e  most v i s i b l e  c o m p e t i t i o n  i n  t h e  U n i t e d  S t a t e s  
f o r  gaseous  and l i q u i d  f u e l s  from c o a l  and o i l  s h a l e  ( u n l e s s  t h e r e  a r e  s i g n i f i c a n t  
new f i n d s  of  o i l  and g a s  i n  N o r t h  America) i s  impor ted  wor ld  c r u d e  o i l  which i s  c u r -  
r e n t l y  landed  a t  $13 t o  $15 p e r  b a r r e l  ($2.20 t o  $2.50 p e r  m i l l i o n  Btu) and impor ted  
LNG which w i l l  be somewhat more expens ive .  A d d i t i o n a l  c o m p e t i t i o n  f o r  t h e  u s e  o f  
s y n t h e t i c  f u e l s  i n c l u d e s  d i r e c t  f i r i n g  o f  c o a l  f o r  power g e n e r a t i o n  o r  i n d u s t r i a l  h e a t  
( w i t h  o r  w i t h o u t  f l u e  g a s  d e s u l f u r i z a t i o n ) ,  and e v e n t u a l l y  n a t u r a l  g a s  t r a n s p o r t e d  
from n o r t h e r n  Alaska  or the Canadian  f r o n t i e r .  

Most of t h e  c o n v e r s i o n  p r o c e s s e s  l i s t e d  i n  T a b l e  1 have  been t e c h n i c a l l y  and 
economica l ly  e v a l u a t e d  by SRI i n  t h e  c o u r s e  of  a v a r i e t y  o f  r e c e n t  p r o j e c t  work. 
mary p r o c e s s  c o s t  r a n g e s  a r e  p r e s e n t e d  i n  T a b l e  2. C a p i t a l  c o s t s  a r e  p r e s e n t e d  i n  
t e r m s  o f  d o l l a r s  o f  p l a n t  i n v e s t m e n t  p e r  d a i l y  p r o d u c t i o n  o u t p u t  i n  b a r r e l s  o f  o i l  
e q u i v a l e n t .  
economics ( c o s t  o f  s e r v i c e / r a t e  base)  and t h e  d i s c o u n t e d  c a s h  f low (DCF) r a t e  of r e -  
t u r n  a n a l y s i s  commonly used f o r  commercial  v e n t u r e s .  
r a t e s  a r e  29 to 32 p e r c e n t  f o r  t h e  15 p e r c e n t  DCF r a t e  o f  r e t u r n  c a s e s  and 1 5  t o  17 
p e r c e n t  f o r  t h e  r e g u l a t e d  u t i l i t y  a n a l y s i s .  
s t a n t  d o l l a r s .  

Sum- 

Product  c o s t s  a r e  compared both  on t h e  b a s i s  o f  U.S. r e g u l a t e d  u t i l i t y  

R e s u l t i n g  a n n u a l  c a p i t a l  c h a r g e  

A l l  c o s t s  a r e  i n  t e r m s  o f  mid-1977 con- 
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m 
With t h e  h i g h l y  d e b t - l e v e r a g e d  and r e l a t i v e l y  f i n a n c i a l l y  s h e l t e r e d  r e g u l a t e d  

u t i l i t y  a n a l y s i s ,  e s t i m a t e d  p r o c e s s  c o s t s  v a r y  from $1.50 p e r  m i l l i o n  Btu f o r  t h e  
s p e c u l a t i v e  economics a s s o c i a t e d  w i t h  low-Btu g a s  from underground c o a l  g a s i f i c a t i o n  
t o  $5.00 per  m i l l i o n  Btu f o r  methanol  from c o a l  by nea r - t e rm commercial  technology.  
These c o s t s  i n c r e a s e  t o  $2.00 and $7.25 p e r  m i l l i o n ,  r e s p e c t i v e l y ,  f o r  a 100 p e r c e n t  
e q u i t y  DCF a n a l y s i s  y i e l d i n g  a 1 5  p e r c e n t  r a t e  o f  r e t u r n .  On t h e  same DCF b a s i s ,  
Cos t s  f o r  s y n t h e t i c  c r u d e  o i l  from o i l  s h a l e  a r e  i n  t h e  r ange  o f  $2 .75  t o  $3.50 p e r  
m i l l i o n  Btu ($16 t o  $ 2 l / b a r r e l )  f o r  deve lop ing  r e t o r t i n g  and upgrad ing  systems.  
r e g u l a t e d  u t i l i t y  a n a l y s i s  r e s u l t s  i n  c o s t s  25 t o  30 p e r c e n t  lower t h a n  t h o s e  f o r  t h e  
DCF a n a l y s i s .  
t a i l  l a te r  i n  t h e  paper.  

The 

P roduc t  c o s t s  shown i n  T a b l e  2 a r e  compared and d i s c u s s e d  i n  more de- 

A few c a v e a t s  c o n c e r n i n g  t h e  development  o f  t h e s e  c o s t s  a r e  c l e a r l y  i n  o r d e r .  
The c o a l  c o s t s  s p e c i f i e d  a r e  i n t e n d e d  t o  r e p r e s e n t  a mine-mouth c o n v e r s i o n  p l a n t  loca-  
t i o n  and t h e r e f o r e  do n o t  i n c l u d e  c o a l  t r a n s p o r t a t i o n  cha rges .  Fu r the rmore ,  t h e  c o s t s  
p r e s e n t e d  i n  T a b l e  2 a r e  b a t t e r y  l i m i t s  p r o c e s s  c o s t s  and do n o t  i n c l u d e  s p e c i f i c  
s i t e - r e l a t e d  c h a r g e s  t h a t  c a n  be s i g n i f i c a n t ,  depending on t h e  r emoteness  of  l o c a t i o n .  
Some o f  t h e s e  p o t e n t i a l l y  i m p o r t a n t  s i t e - r e l a t e d  f a c t o r s  a r e :  w a t e r  development p r o j -  
e c t s  ( i n c l u d i n g  p i p e l i n e  and s t o r a g e ) ;  mine t o  c o n v e r s i o n - p l a n t  r a i l r o a d s ;  power t r a n s -  
mis s ion  l i n e s ;  a c c e s s  r o a d s ;  p roduc t  p i p e l i n e s ;  e x t e n s i v e  env i ronmen ta l  a n a l y s i s ;  and 
t o w n s i t e  development a c t i v i t i e s .  

These,  t o g e t h e r  w i t h  o t h e r  p o t e n t i a l  s i t e - s p e c i f i c  r equ i r emen t s ,  cou ld  e a s i l y  in -  
c r e a s e  c a p i t a l  i nves tmen t  by 10 to 20 p e r c e n t  and cou ld  add $2.00 t o  $3.00 p e r  b a r r e l  
($0.35 to $0. 50 p e r  m i l l i o n  Btu) o r  more t o  p roduc t  c o s t  f o r  a s y n t h e t i c  f u e l s  v e n t u r e  
i n  a remote l o c a t i o n .  P roduc t  c o s t  r anges ,  based on Tab le  2, b u t  i n c l u d i n g  p r o v i s i o n  
f o r  such s i t e - s p e c i f i c  c o s t s ,  a r e  compared i n  F i g u r e  1. E x c e s s i v e  d e l a y  i n  a t t a i n i n g  
d e s i g n  c a p a c i t y  and p l a n t  m o d i f i c a t i o n s  d u r i n g  s t a r t - u p  o f  new t echno logy  a r e  o t h e r  
f a c t o r s  t h a t  w i l l  add s i g n i f i c a n t l y  t o  c o s t s  f o r  f i r s t - o f - a - k i n d  p l a n t s .  Over t h e  
l i f e  o f  t h e  p r o j e c t ,  t h e s e  i t e m s  cou ld  e a s i l y  c o n t r i b u t e  a d d i t i o n a l  p roduc t  c o s t s  i n  
t h e  r ange  of  $1.00 t o  $3.00 p e r  b a r r e l  ($0.20 t o  $0.50 pe r  m i l l i o n  Btu) .  The c o s t s  
summarized i n  F i g u r e  1 do n o t  i n c l u d e  con t ingency  f o r  p i o n e e r  p l a n t s .  

There i s  some hope o f  p r o c e s s  " l e a r n i n g  curve" c o s t  r e d u c t i o n  o v e r  nea r - t e rm 
technology w i t h  t h e  e v o l u t i o n a r y  development o f  advanced t e c h n o l o g i e s .  Development 
o f  p rocesses  t h a t  e l i m i n a t e  o r  combine p r o c e s s  s t e p s  cou ld  p o t e n t i a l l y  l e a d  t o  s i g -  
n i f i c a n t l y  lower p roduc t  c o s t s .  An example i n  t h e  c a s e  o f  SNG c o u l d  be a system 
s u c c e s s f u l l y  combining p r o c e s s  s t e p s  such a s  g a s i f i c a t i o n ,  s h i f t  c o n v e r s i o n ,  and pe r -  
haps r e d u c i n g  t h e  g a s  c l e a n u p  and me thana t ion  r equ i r emen t s ,  o r  e l i m i n a t i n g  t h e  need 
f o r  a n  oxygen p l a n t .  Such p r o c e s s e s  w i l l  undoubtedly c o n t r i b u t e  a d d i t i o n a l  c o s t s  of 
t h e i r  own, but s i g n i f i c a n t  p o t e n t i a l  e x i s t s  f o r  lower o v e r a l l  c o s t s .  I n  t h e  c a s e  of 
LBG/IBG, lower c o s t s  cou ld  p o t e n t i a l l y  r e s u l t  from s u c c e s s f u l  development  o f  a g a s i -  
f i e r  u s i n g  a s u l f u r  a c c e p t o r  o r  combined w i t h  some o t h e r  t y p e  o f  h o t  gas  c l e a n u p  sys- 
t e m .  The lower c o s t  r a n g e s  i n  T a b l e  2 and F i g u r e  1 r e p r e s e n t  such advanced o r  inno-  
v a t i v e  p rocesses .  Without  such development ,  i t  i s  d o u b t f u l  t h a t  c o s t  r e d u c t i o n s  o f  
g r e a t e r  t han  about  10 p e r c e n t  w i l l  b e  p o s s i b l e  w i t h  f o r e s e e a b l e  c o n v e r s i o n  technology, 
s i n c e  such systems w i l l  p robab ly  be composed p r i m a r i l y  of p l a n t  s e c t i o n s  based on 
a l r e a d y  commercial  o r  near-commercial  technology.  

Outlook f o r  Commerc ia l i za t ion  

C l e a r l y ,  t h e  c o n s i d e r a t i o n s  conce rn ing  commerc ia l i za t ion  w i l l  v a r y  somewhat f o r  
SNG from c o a l ,  LBG/IBG from c o a l ,  c o a l  l i q u i d s ,  and o i l  s h a l e .  I n  v i ew o f  t h e  s t a t u s  
o f  technology,  t h e  economics o f  p r o d u c t i o n ,  and o t h e r  f a c t o r s ,  what  a r e  t h e  p r o s p e c t s  
f o r  commerc ia l i za t ion?  The f o l l o w i n g  p r o g n o s i s  i s  o f f e r e d .  
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SNG from Coal :  The e s t i m a t e d  c o s t  of SNG from w e s t e r n  U.S. subbi tuminous 
c o a l  u s i n g  c o n v e n t i o n a l  L u r g i  g a s i f i c a t i o n  t echno logy  i n  a c o a l f i e l d  l o c a t i o n  
i s  e s t i m a t e d  t o  be $3.75 to $4.25 p e r  m i l l i o n  Btu ( c o a l  a t  $7  p e r  t o n ) ,  which 
i s  c l e a r l y  n o t  c o m p e t i t i v e  d i r e c t l y  w i t h  n a t u r a l  g a s  marketed e i t h e r  on a n  
i n t e r s t a t e  o r  i n t r a s t a t e  b a s i s .  However, a mass ive  and i n t r i c a t e  d i s t r i b u -  
t i o n  system e x i s t s  f o r  t r a n s m i t t i n g  energy i n  t h e  form o f  high-Btu g a s  d i -  
r e c t l y  t o  t h e  consumer.  
marke tp l ace  w i l l  be  a pr ime c o n s i d e r a t i o n ,  t h e r e  w i l l  be s t r o n g  i n c e n t i v e  
t o  u s e  t h e s e  e x i s t i n g  d i s t r i b u t i o n  systems f o r  SNG. P o t e n t i a l  d i r e c t  a l te r -  
n a t i v e  c o m p e t i t o r s  f o r  SNG from c o a l  i n  t h e  United S t a t e s  a r e  imported LNG 
and  n a t u r a l  g a s  t r a n s m i t t e d  from t h e  n o r t h e r n  f r o n t i e r  a r e a s  o f  Nor th  
A m e r i c a .  However, these a l t e r n a t i v e s  w i l l  a lso i n v o l v e  ex t r eme ly  l a r g e  
f r o n t - e n d  inves tmen t ,  and some w i l l  have t h e  a d d i t i o n a l  d i s a d v a n t a g e s  
a s s o c i a t e d  w i t h  s e c u r i t y  o f  supply.  Of c o u r s e ,  ene rgy  conve r s ion ,  t r a n s -  
m i s s i o n ,  and d i s t r i b u t i o n  v i a  e l e c t r i f i c a t i o n  i s  a c o m p e t i t o r ,  b u t  a g a i n  
t h e  c o s t s  f o r  t h a t  a l t e r n a t i v e  a r e  a l s o  s i g n i f i c a n t  ( 3 ) ,  and compara t ive  
c o s t s  a r e  h i g h l y  dependen t  on l o c a t i o n .  

Some SNG technology i s  now n e a r  commercial  and a d d i t i o n a l  systems a r e  r eady  
f o r  commercial-scale  demons t r a t ion .  However, t h e  c o s t  o f  c o n v e r s i o n  p l a n t s  
w i l l  o f t e n  be l a r g e  i n  r e l a t i o n  t o  t h e  c a p i t a l i z a t i o n  o f  companies p l a n n i n g  
t o  b u i l d  such p l a n t s ,  t h u s  making f i n a n c i n g  d i f f i c u l t  w i t h o u t  some t y p e  
o f  g u a r a n t e e  f o r  t h e  l e n d i n g  i n s t i t u t i o n .  I f  r e g u l a t o r y  a p p r o v a l  n e c e s s a r y  
f o r  t h e  gas  p r i c i n g  s t r u c t u r e  p e r m i t s  r o l l i n g - i n  o f  t h e  h i g h e r  c o s t  o f  SNG, 
t h e n  commerc ia l i za t ion  would p robab ly  f o l l o w ,  a l t h o u g h  i t  i s  l i k e l y  t h a t  
some t y p e  o f  deb t  g u a r a n t e e  w i l l  a l s o  b e  r e q u i r e d .  

Because of necessa ry  r e g u l a t o r y  a p p r o v a l s ,  t h e  p r o b a b l e  need f o r  f e d e r a l  
f i n a n c i a l  s h e l t e r i n g ,  and the l ead - t ime  necessa ry  f o r  p l a n t  c o n s t r u c t i o n ,  
i t  i s  d o u b t f u l  t h a t  any p l a n t s  based on Lurg i  t echno logy  cou ld  be on s t r e a m  
b e f o r e  1985. However, w i t h  r e g u l a t o r y  and f i n a n c i a l  approaches  now under  
d i s c u s s i o n ,  some commer i l a l  o p e r a t i o n  a p p e a r s  l i k e l y  i n  t h e  p e r i o d  1985-1990. 

T h e r e f o r e ,  w h i l e  i n t e r f u e l  c o m p e t i t i o n  a t  t h e  

LBGjIBG from Coal:  LBG/IBG from bi tuminous c o a l  i n  a n  e a s t e r n  U.S. l o c a t i o n  
w i t h o u t  s i t e - r e l a t e d  f a c t o r s  i n c l u d e d  i s  e s t i m a t e d  t o  c o s t  abou t  $3.25 p e r  
m i l l i o n  Btu f o r  commercial  t e c h n o l o g y  and r ang ing  t o  abou t  $2.50 p e r  m i l l i o n  
Btu f o r  some deve lopmen ta l  p r o c e s s e s .  

High conve r s ion  p l a n t  i n v e s t m e n t  and  p r o d u c t i o n  c o s t s  w i l l  l i m i t  marke t s  f o r  
LBG/IBG i n  t h e  n e a r  term; however,  some marke t s  may deve lop  i n  t h e  1980s due 
t o  t h e  c u r t a i l m e n t  o f  n a t u r a l  gas ,  o r  where t h e  d i r e c t  use o f  c o a l  o r  heavy 
o i l  is excluded.  P o t e n t i a l  marke t s  f o r  LBG/IBG technology i n c l u d e  u t i l i t y  power 
g e n e r a t i o n  ( 4 ) ,  i n d u s t r i a l  f u e l  ( 5 ) ,  s y n t h e s i s  g a s  a s  a chemica l  f e e d s t o c k ,  
and r e d u c i n g  g a s e s  f o r  t h e  p r imary  me ta l  i n d u s t r i e s .  The p r o d u c t i o n  o f  
s y n t h e s i s  g a s  from c o a l  may be most a t t r a c t i v e  i n  a r e a s  o f  t h e  United S t a t e s  
where chemical  manufac tu r ing  i s  h e a v i l y  c o n c e n t r a t e d ,  t h e r e f o r e  p e r m i t t i n g  
c o n s t r u c t i o n  o f  l a r g e  c e n t r a l  conve r s ion  f a c i l i t i e s .  

The l o g i s t i c s  o f  c o a l  and g a s  are  i m p o r t a n t  when comparing c o m p e t i t i v e  mar- 
k e t s  f o r  SNG from c o a l  w i t h  LBG/IBG from coa l .  For  example,  c o a l  supp ly ,  
d i s t r i b u t i o n ,  and h a n d l i n g  c o n s i d e r a t i o n s  may add s i g n i f i c a n t l y  t o  t h e  c o s t  
f o r  t h e  small  LBG/IBG produce r .  T h e r e f o r e ,  an  SNG-from-coal f a c i l i t y  f eed -  
i n g  e x i s t i n g  n a t u r a l  g a s  d i s t r i b u t i o n  networks may d e l i v e r  high-Btu g a s  t o  
l o c a l  markets  c o m p e t i t i v e l y  w i t h  s m a l l - s c a l e  systems p roduc ing  LBG o r  I B G  f o r  
t h o s e  markets .  Moreover,  even  when l a r g e  c e n t r a l i z e d  p r o d u c t i o n  f a c i l i t i e s  
a r e  used, bo th  LBG and I B G  w i l l  r e q u i r e  l i m i t e d  bu t  e x p e n s i v e  g a s  d i s t r i b u t i o n  
sys t ems  which may make d e l i v e r e d  SNG l e s s  expensive.  T h i s  t y p e  o f  comparison 
i s  h i g h l y  s i t e - s p e c i f i c ,  and g e n e r a l i z a t i o n . i s  d i f f i c u l t .  

Recent  e x p e r i m e n t a l  f i e l d  p i l o t  work (6) conducted by ERDA's Laramie Energy 
Research Center  (LERC) i n  t h e  Hanna Basin i n  Wyoming i n d i c a t e s  p r o g r e s s  
toward development o f  a n  o p e r a b l e  underground c o a l  g a s i f i c a t i o n  system i n  
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t h e  United S t a t e s .  
f o r  low-Btu g a s  o f  abou t  $1.50 p e r  m i l l i o n  Btu on  t h e  b a s i s  o f  r e g u l a t e d  
u t i l i t y  economics.  Remote s i t e - r e l a t e d  c o s t s  c o u l d  i n c r e a s e  t h i s  t o  abou t  
$2.00 per  m i l l i o n  Btu. C o a l f i e l d  g a s - f i r e d  power g e n e r a t i o n  w i l l  be t h e  
primary market f o r  t h i s  gas.  Recent  c o s t  e s t i m a t e s  (7) i n d i c a t e  t h a t  t h i s  
may be c o m p e t i t i v e  w i t h  mine-mouth power g e n e r a t i o n  by d i r e c t  f i r i n g  o f  
c o a l  w i th  f l u e  g a s  d e s u l f u r i z a t i o n .  Based on r e c e n t  LERC e x p e r i e n c e ,  i t  
appea r s  t h a t  deve lopmen ta l  c o s t s  f o r  UCG a r e  i n  some c a s e s  p robab ly  t h e  low- 
e s t  o f  any o f  t h e  s y n t h e t i c  f u e l  t ypes .  UCG w i l l  e l i m i n a t e  most o f  t h e  ob- 
j e c t i o n s  o f  s t r i p m i n i n g  o f  c o a l  and c a n  pe rmi t  u t i l i z a t i o n  o f  t h i c k  deep o r  
o the rwise  d i f f i c u l t  t o  mine c o a l  seams, a l t h o u g h  s u r f a c e  subs idence  and d i s -  
r u p t i o n  and c o n t a m i n a t i o n  o f  a q u i f e r s  a r e  p o t e n t i a l l y  s e r i o u s  problems. 
Underground g a s i f i c a t i o n  c o n t r o l  problems w i l l  have t o  be i d e n t i f i e d  and 
overcome b e f o r e  low-Btu g a s  from UCG can  be used i n  i t s  most l o g i c a l  market--  
c o a l f i e l d - l o c a t e d  power g e n e r a t i o n .  UCG t echno logy  i s  i n  t h e  e a r l y  s t a g e s  
o f  development i n  t h e  United S t a t e s ;  however, based on c u r r e n t  f i e l d  t e s t  
r e s u l t s ,  l a r g e - s c a l e  demons t r a t ion  now a p p e a r s  d e s i r a b l e  t o  v e r i f y  specu la -  
t i v e  economics,  prove n e c e s s a r y  o p e r a b i l i t y ,  and a s s e s s  env i ronmen ta l  e f f e c t s .  
F u t u r e  commerc ia l i za t ion  w i l l ,  o f  c o u r s e ,  be dependent  on d e m o n s t r a t i o n  r e -  
s u l t s .  Development i s  n o t  f a r  enough advanced a t  t h i s  time to p r e d i c t  when 
commercial  a p p l i c a t i o n  might  occur .  

Coal L i q u e f a c t i o n :  Coa l -de r ived  l i q u i d s  appea r  t o  f a c e  a more d i f f i c u l t  
c o m p e t i t i v e  s i t u a t i o n  t h a n  c o a l - d e r i v e d  g a s e s ,  s i n c e  t h e y  w i l l  compete d i -  
r e c t l y  w i t h  imported o i l  i n  pe t ro l eum l i q u i d s  markets .  L i q u i d s  from o i l  
s h a l e  w i l l  a l s o  compete d i r e c t l y  i n  t h e s e  marke t s .  

Cos t s  f o r  l ow-su l fu r  l i q u i d s  and b o i l e r  f u e l  w i t h  deve lopmen ta l  systems a r e  
e s t ima ted  h e r e  t o  be i n  t h e  r ange  o f  $3.50 t o  $4.50 p e r  m i l l i o n  Btu ($21  t o  
$26  p e r  b a r r e l )  f o r  a 15 p e r c e n t  DCF r a t e  o f  r e t u r n .  The r e g u l a t e d  u t i l i t y  
f i n a n c i n g  a n a l y s i s  does  lower t h i s  to t h e  $15 t o  $19 p e r  b a r r e l  range.  How- 
e v e r ,  s i t e - s p e c i f i c  f a c t o r s  cou ld  e a s i l y  add $2 t o  $ 3  p e r  b a r r e l  t o  t h e  c o s t s .  

P roduc t ion  o f  methanol  from c o a l  by g a s i f i c a t i o n  and c a t a l y t i c  methanol  
s y n t h e s i s  i s  somewhat more e x p e n s i v e  than  d i r e c t  l i q u e f a c t i o n  o f  c o a l  be -  
cause  of lower c o n v e r s i o n  e f f i c i e n c i e s  (40 t o  50 p e r c e n t  v e r s u s  65 t o  
70 percent)  and s i g n i f i c a n t l y  h i g h e r  c a p i t a l  c o s t s .  Based on a DCF r a t e  o f  
r e t u r n  a n a l y s i s ,  t h e  c o s t  o f  me thano l  from c o a l  i s  e s t i m a t e d  a t  a l i t t l e  Over 
$7.00 p e r  m i l l i o n  Btu u s i n g  n e a r  term commercial  t echno logy  b e f o r e  p r o v i d i n g  
f o r  remote s i te  c o s t s .  Even assuming c o s t  r e d u c t i o n s  due t o  e v o l u t i o n a r y  
improvements i n  t echno logy ,  and when u s i n g  a h i g h l y  d e b t - l e v e r a g e d  r e g u l a t e d  
u t i l i t y  economic a n a l y s i s ,  t h e  e s t i m a t e d  c o s t  o f  methanol  from c o a l  exceeds  
$4.00 per  m i l l i o n  Btu o r  $22.00 p e r  o i l - e q u i v a l e n t  b a r r e l  on t h e  p r o c e s s  
b a s i s  used. DCF c o s t s  on t h e  same b a s i s  a r e  approx ima te ly  $6.00 pe r  m i l l i o n  
Btu o r  about  $35 p e r  o i l - e q u i v a l e n t  b a r r e l .  

Large p i l o t  p l a n t s  f o r  t h e  d i r e c t  p r o d u c t i o n  o f  l i q u i d s  from c o a l  a r e  now 
i n  va ry ing  s t a g e s  o f  d e s i g n ,  c o n s t r u c t i o n ,  and o p e r a t i o n .  However, because 
o f  t h e  h igh  e s t i m a t e d  c o s t s ,  i t  i s  d o u b t f u l  t h a t  t h e r e  w i l l  be  any s i g n i f i -  
c a n t  commercial  p r o d u c t i o n  o f  l i q u i d s  from c o a l ,  o t h e r  t h a n  from p o t e n t i a l  
government-sponsored commercial  s c a l e  demons t r a t ion  programs, b e f o r e  t h e  
mid-l990s,  a t  t h e  e a r l i e s t .  Fu r the rmore ,  t h e r e  a p p e a r s  t o  b e  l i t t l e  p r o s p e c t  
of methanol be ing  produced from c o a l  i n  t h e  United S t a t e s  i n  t h e  f o r e s e e a b l e  
f u t u r e .  

O i l  Shale:  Even though t h i s  pape r  i s  p a r t  o f  a s e s s i o n  a d d r e s s i n g  t h e  com- 
p a r a t i v e  economics o f  c o a l  c o n v e r s i o n  p r o c e s s e s ,  i t  i s  a p p r o p r i a t e  t h a t  pro- 
d u c t i o n  o f  l i q u i d s  from o i l  s h a l e  b e  cons ide red .  

Based on  a v a r i e t y  o f  SRI s t u d i e s ,  t h e  c o s t s  o f  an upgraded s y n t h e t i c  c rude  
o i l  u s ing  developmental  r e t o r t i n g  systems a r e  e s t i m a t e d  (Tab le  2) t o  be i n  
t h e  r ange  o f  $2.75 t o  $3.50 p e r  m i l l i o n  Btu ($16 t o  $21  pe r  b a r r e l )  f o r  a 

S p e c u l a t i v e  economic e s t i m a t e s  i n d i c a t e  p r o c e s s  c o s t s  

- 

5 



d i s c o u n t e d  cash  f low r a t e  o f  r e t u r n  o f  1 5  p e r c e n t .  The e q u i v a l e n t  c o s t s  f o r  
r e g u l a t e d  u t i l i t y  f i n a n c i n g  a r e  i n  t h e  $12 t o  $15 p e r  b a r r e l  r ange .  
i s  f e a s i b l e  to p roduce  and  s h i p  raw s h a l e  o i l  o r  a l i g h t l y  upgraded h igh  
n i t r o g e n  c o n t e n t  p r o d u c t ,  t h e  c o s t  would b e  $3 t o  $5 p e r  b a r r e l  less  a t  t h e  
p l a n t  t h a n  f o r  a h i g h l y  h y d r o t r e a t e d ,  l ow-n i t rogen  s y n t h e t i c  c rude .  Even 
though s i t e - s p e c i f i c  f a c t o r s  c o u l d  e a s i l y  add $2 t o  $3 p e r  b a r r e l  t o  t h e  
above c o s t s ,  s h a l e  s y n c r u d e  w i t h  a s h e l t e r e d . f i n a n c i a 1  b a s i s  a p p e a r s  t o  b e  
m a r g i n a l l y  c o m p e t i t i v e  w i t h  imported o i l  ( F i g u r e  1). 

Sha le  o i l  p roduc t  c o s t s  a re  e s t i m a t e d  t o  be s i g n i f i c a n t l y  lower t h a n  c o s t s  
f o r  c o a l - d e r i v e d  l i q u i d s .  However, i t  should b e  emphasized t h a t  t h e  g r c a t e s t  
t e c h n i c a l  and economic r i s k s  i n  o i l  s h a l e  p r o d u c t i o n  a r e  i n  s h a l e  mining and 
d i s p o s a l  o f  s p e n t  s h a l e .  I n  t h e  c a s e  o f  c o a l  l i q u e f a c t i o n ,  u n c e r t a i n t i e s  
a s s o c i a t e d  w i t h  t h e  min ing  o f  c o a l  and d i s p o s a l  o f  a s h  a r e  c o n s i d e r a b l y  l e a s .  
L a r g e - s c a l e  p i l o t  t e s t i n g  o f  s e v e r a l  r e t o r t i n g  t e c h n o l o g i e s  h a s  been c a r r i e d  
o u t .  Some o f  t h i s  t echno logy  i s  now r e a d y  f o r  commerc ia l - sca l e  demons t r a t ion .  
Such a d e m o n s t r a t i o n  i n  a d d i t i o n  t o  p r o v i n g  r e t o r t i n g  t echno logy  r e l i a b i l i t y  
would p rov ide  answers  t o  s e r i o u s  q u e s t i o n s  c o n c e r n i n g  mining t echno logy ,  
o v e r a l l  economics,  and e n v i r o n m e n t a l  e f f e c t s .  

The l ead - t ime  n e c e s s a r y  f o r  c o n s t r u c t i o n  of a commerc ia l - sca l e  p l a n t  would 
now probably p r e c l u d e  o i l  s h a l e  o p e r a t i o n  p r i o r  t o  a b o u t  1985, even w i t h  an  
e a r l y  d e c i s i o n  t o  c o n s t r u c t  a p l a n t .  I n  g e n e r a l ,  w i t h  a c c e s s  t o  wor ld  o i l  
p r i c e s  and a s h e l t e r e d  f i n a n c i a l  p o s i t i o n ,  t o g e t h e r  w i t h  r e s o l u t i o n  o f  en- 
v i ronmen ta l  c o n s t r a i n t s ,  some commercial  p r o d u c t i o n  shou ld  deve lop  i n  t h e  
p e r i o d  1985-1990. 

Any d i s c u s s i o n  a t  t h i s  t i m e  o f  t h e  c o m m e r c i a l i z a t i o n  o f  s y n t h e t i c  f u e l s  i s  n o t  

I f  it 

comple t e  wi thou t  a d d r e s s i n g  t h e  i s s u e  o f  p o t e n t i a l  f e d e r a l  government i n c e n t i v e s .  
During t h e  1973-1976 p e r i o d ,  a t  l e a s t  t h r e e  i n d u s t r i a l  g roups  were w i l l i n g  t o  i n i -  
t i a t e  commercial  SNG-from-coal p r o j e c t s ,  assuming t h e i r  SNG p r i c i n g  s t r u c t u r e  was 
approved by t h e  F e d e r a l  Power Commission, No a d d i t i o n a l  f e d e r a l  i n c e n t i v e s  o r  f inan -  
c i a l  s h e l t e r i n g  were a p p a r e n t l y  f e l t  t o  b e  n e c e s s a r y  t o  a s s i s t  c o m m e r c i a l i z a t i o n  a t  
t h a t  t ime.  Moreover,  a t  l e a s t  f o u r  i n d u s t r i a l - s p o n s o r e d  o i l  s h a l e  p r o j e c t s  were 
s e t  t o  move forward w i t h o u t  f e d e r a l  a s s i s t a n c e ;  i ndeed ,  t h e  o i l  s h a l e  g roups  i n  most 
c a s e s  pa id  l a r g e  f ron t - end  f e d e r a l  l e a s e  bonuses  f o r  t h e  “ o p p o r t u n i t y ”  t o  do so. 

Cos t  e s c a l a t i o n  h a s  s i n c e  magn i f i ed  t h e  r i s k  o f  t h e s e  v e n t u r e s  t o  a l e v e l  where 
t h e  sponsor s  have i n d i c a t e d  t h a t  some t y p e  o f  f i n a n c i a l  i n c e n t i v e  a n d / o r  r i s k  r educ -  
t i o n  mechanism i s  now n e c e s s a r y .  Four  p o t e n t i a l  i n c e n t i v e s  o f t e n  d i s c u s s e d  t o  a s s i s t  
t h e  commerc ia l i za t ion  o f  s y n t h e t i c  f u e l s  p r o c e s s e s  a r e :  

F e d e r a l l y  g u a r a n t e e d  c o n s t r u c t i o n  l o a n s  

Product  p r i c e  s u p p o r t s  

Tax c r e d i t s  

s C o n s t r u c t i o n  g r a n t s .  

These i n c e n t i v e s  a r e  d i s c u s s e d  i n  d e t a i l  i n  t h e  r e p o r t  summarizing r e s u l t s  o f  

While t h i s  t e c h n i q u e  
t h e  Synfue l s  I n t e r a g e n c y  Task Force  Study i n  1975 (8). S i n c e  1975, Congress  h a s  
focused  l e g i s l a t i v e  a t t e n t i o n  on  t h e  u s e  o f  l o a n  g u a r a n t e e s .  
i s  now being sought  by r e g u l a t e d  p r o d u c e r s  f o r  c o n s t r u c t i o n  o f  SNG p l a n t s ,  t h e r e  i s  
no such consensus a b o u t  l o a n  g u a r a n t e e s  among n o n r e g u l a t e d  p roduce r s  f o r  v e n t u r e s  
i n v o l v i n g  s y n t h e t i c  l i q u i d s  p l a n t s .  

An a l t e r n a t i v e  t o  t h e  i n c e n t i v e  approach  i s  a m o d i f i c a t i o n  o f  t h e  s o - c a l l e d  
government-owned, company o p e r a t e d  (GOCO) approach.  During World War 11, p r o c e s s e s  
f o r  t h e  p roduc t ion  o f  h i g h  o c t a n e  g a s o l i n e  and s y n t h e t i c  r u b b e r  were developed w i t h  
f e d e r a l  a s s i s t a n c e .  The f e d e r a l  government p rov ided  t h e  r i s k  c a p i t a l  f o r  i n i t i a l  
c o n s t r u c t i o n  and o p e r a t i o n  o f  p i o n e e r  commerc ia l - sca l e  demons t r a t ion  p l a n t s  and 
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when t h e  p l a n t s  were commercial ly  proven, t h e y  were s o l d  on a b i d  b a s i s  t o  t h e  indus -  
t r i a l  deve lope r ,  o r  t o  some o t h e r  company. T h i s  t y p e  o f  approach may now be necessa ry  
t o  a s s i s t  c o n s t r u c t i o n  o f  p i o n e e r  p l a n t s ,  p a r t i c u l a r l y  f o r  c o a l  l i q u e f a c t i o n ,  o i l  
s h a l e ,  and second-gene ra t ion  SNG systems now under  development.  

Summary and Overview 

Commercial v i a b i l i t y  o f  s y n t h e t i c  f u e l s  o p e r a t i o n  i n  t h e ' n e a r  term i s  c l e a r l y  
q u e s t i o n a b l e  because o f  t h e  c o m p e t i t i o n  w i t h  n a t u r a l  g a s  and impor t ed  o i l .  
on t h e  economic a n a l y s e s  d i s c u s s e d  i n  t h i s  pape r ,  LBG/IBG from c o a l  and l i q u i d s  from 
o i l  s h a l e  appea r  t o  have t h e  b e s t  chances  f o r  nea r - t e rm commercial  a p p l i c a t i o n .  
However, f i n a n c i a l  s u c c e s s  appea r s  t o  be c o n t i n g e n t  on economics based  o n  a s h e l t e r e d  
f i n a n c i a l  p o s i t i o n  t o  p e r m i t  r a t e s  o f  r e t u r n  c h a r a c t e r i s t i c  o f  a r e g u l a t e d  u t i l i t y  
producer .  SNG from c o a l ,  w h i l e  e s t i m a t e d  t o  be more c o s t l y  t h a n  LBG/IBG and s h a l e  
l i q u i d s ,  may s e e  e a r l i e r  commerc ia l i za t ion  because  o f  a n  e x i s t i n g  s h e l t e r e d  r e g u l a -  
t o r y  p o s i t i o n  and because e x i s t i n g  t r a n s m i s s i o n ,  d i s t r i b u t i o n ,  and u t i l i z a t i o n  s y s -  
tems a r e  a v a i l a b l e  f o r  t h e  product .  

Based 

Es t ima ted  c o s t s  f o r  developmental  conve r s ion  p r o c e s s e s  may be reduced by pe rhaps  
20 pe rcen t  or a l i t t l e  more w i t h  e v o l u t i o n a r y  t echno logy ,  bu t  g r e a t e r  c o s t  r e d u c t i o n s  
a r e  d i f f i c u l t  t o  f o r e s e e .  A n o t a b l e  e x c e p t i o n  i s  underground c o a l  g a s i f i c a t i o n  
which,  w h i l e  be ing  ex t r eme ly  s i t e - s p e c i f i c  and a t  a n  e a r l y  s t a g e  o f  development i n  
t h e  United S t a t e s ,  c a n  have a t t r a c t i v e  economics.  

I n c e n t i v e s  c u r r e n t l y  d i s c u s s e d  may be s u f f i c i e n t  t o  commerc ia l i ze  f i r s t -  
g e n e r a t i o n  c o a l  g a s i f i c a t i o n  sys t ems ;  however, an  a l t e r n a t i v e  such a s  government- 
f i nanced  p l a n t  c o n s t r u c t i o n  and o p e r a t i o n  p r i o r  t o  s u c c e s s f u l  commercial  demonstra-  
t i o n  w i t h  s a l e  t o  t h e  d e v e l o p e r J o p e r a t o r  may be necessa ry '  f o r  commerc ia l i za t ion  o f  
p ionee r  t echno log ie s .  Even when ana lyzed  u s i n g  t h e  most a t t r a c t i v e  f i n a n c i a l  s i t u a -  
t i o n ,  t h e  c o s t s  o f  s y n t h e t i c  f u e l s  (UCG i s  a p o t e n t i a l  excep t ion )  w i l l  be a t  b e s t  
marg ina l  w i t h  t o  w e l l  above t h e  c u r r e n t  and nea r - t e rm p r o j e c t e d  p r i c e s  o f  n a t u r a l  
g a s  and imported o i l .  

I t  becomes i n c r e a s i n g l y  appa ren t  t h a t  it i s  d e s i r a b l e  f o r  t h e  United S t a t e s  t o  
expand i t s  a b i l i t y  t o  deve lop  a d d i t i o n a l  i nd igenous  s u p p l i e s  o f  hydrocarbons,  bo th  
t o  i n c r e a s e  t h e  base  o f  a s e c u r e  supp ly  and t o  r educe  t h e  p o t e n t i a l l y  a d v e r s e  e f f e c t  
t h a t  e x c e s s i v e  impor t s  w i l l  have on  t h e  U.S. t r a d e  ba l ance .  However, t h e  f r e e  market  
d r i v i n g  f o r c e  f o r  nea r - t e rm l a r g e - s c a l e  c o m m e r c i a l i z a t i o n  o f  s o l i d  f o s s i l  f u e l  con- 
v e r s i o n  p r o c e s s e s  i s  tenuous.  Some s p e c i f i c  marke t ing  s i t u a t i o n s  w i l l  deve lop ;  bu t  
i n  t h e  nea r -  t o  i n t e r m e d i a t e - t e r m  t h e s e  w i l l  be  caused  more by s h o r t a g e s  of conven- 
t i o n a l  f u e l s  r a t h e r  t h a n  by p r i c e  compe t i t i on .  I n  t h e  meantime, l a r g e - s c a l e  r e s e a r c h  
and development o f  a v a r i e t y  o f  systems h a s  r eached  a s i g n i f i c a n t  l e v e l  o f  s o p h i s t i -  
c a t i o n  and accomplishment.  Commercial-scale  demons t r a t ion  o f  s e l e c t e d  t e c h n o l o g i e s  
because o f  t h e  long  l e a d - t i m e  necessa ry  t o  commerc ia l i ze  such t echno logy  i s  now de- 
s i rable  t o  a s s i s t  i n  t h e  s e l e c t i o n  o f  t h e  b e s t  nea r -  t o  i n t e r m e d i a t e - t e r m  p r o c e s s e s  
and f o r  t h e  b e n e f i t  o f  l ong- t e rm ongoing r e s e a r c h  and development .  

Acknowledgment: SRI's Energy Center  and Chemical E n g i n e e r i n g  Labora to ry  have b e e n  
involved i n  compara t ive  t e c h n i c a l  and economic e v a l u a t i o n s  o f  s y n t h e t i c  f u e l s  
p r o c e s s e s  s i n c e  t h e  mid-1960s. Acknowledgment i s  made o f  t h e  many s t a f f  members 
from t h e s e  two g roups  who p a r t i c i p a t e d  i n  t h e  development o f  background m a t e r i a l  
f o r  t h i s  paper .  
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T a b l e  1 

MAJOR COAL CONVERSION AND OIL SHALE RETORTING SYSTEMS NOW UNDER DEVELOPMENT 

COAL GASIFICATION 

Name - 
rn 
'111 
B 

SNG 

k - Lurgi  

- BG-Lurgi 

- HYGAS 

- C 0 2  Acceptor  

- BIGAS 

- Synthane  

1 
1 

0 LBGIIBG~ 

- L u r g i  

- BG-Lurgi 

- Texaco ( P a r t i a l  O x i d a t i o n )  

- Combustion E n g i n e e r i n g  

- Battel le  (Agglomera t ing  Ash) 

- Westinghouse 

2 

- GEGAS 

- Underground g a s i f i c a t i o n  

COAL LIQUEFACTION 

S o l i d  B o i l e r  F u e l  

- S o l v e n t  R e f i n e d  Coal 

Low-Sulfur O i l  

- H-Coal 

- Exxon Donor S o l v e n t  

- S y n t h o i l  

- Coalcon 

OIL SHALE RETORTING 

0 Liqu ids  P r o d u c t i o n  

- TOSCO I1 

- Paraho  

m 

Fixed-bed, d r y - a s h  

Fixed-bed, s l a g g i n g  

F l u i d - b e d  

Flu id-bed  

E n t r a i n e d  

Flu id-bed  

Fixed-bed, d r y - a s h  

Fixed-bed, s l agg ing  

E n t r a i n e d  

E n t r a i n e d  

Flu id-bed  

Flu id-bed  

Fixed-bed 

Laramie ERC t e c h n i q u e  

d o n c a t a l y t i c  

D i r e c t  c a t a l y t i c  

I n d i r e c t  c a t a l y t i c  

D i r e c t  c a t a l y t i c  

Nonca t a l y t i c  

C i r c u l a t i n g  Heat  C a r r i e r  

I n t e r n a l  Combustion 

- O c c i d e n t a l  I n  s i t u  

'LOW o r  i n t e r m e d i a t e  Btu gas  

'This g e n e r a l  t y p e  of technology is a l s o  under development j o i n t l y  by t h e  Royal 
Dutch S h e l l  Group and Krupp/Koppers 
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